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1. T n t r o d u c t t o n  

T h r  d r f t n t t t o n  of t r l r r o b o t t c s  ( T R )  h i s  n o t  y r t  s t i b t l t z r i  n o r  -a*3r thr s t i n 3 i r . i  E - q l t r h  
I r n q u r q r  d t c t t o n i r y .  I t r n d  t o  u s r  t r l r r o b o t t a s  i s  r r i n t n q  r r q o t r  c o n t r o l  o f  r o b o t s  by  
h u m i n  o o r r r t o r  u s t a g  s u o r r v t s o r y  nnd s o a r  3 t r e c t  c o n t r o l .  Thus. t h t s  ts i n  t i o a r t - n t  i c r 3  
for  t h r  r v o l r t n q  s o i c r  r t i t t o n .  BT r o b o t .  T o r r n  r m i ~ t o u l i t o r f m o b t t t t ~  l r v t c 9  
v i s u a l  o r  o t h r c  s r n s r s .  T 3 0  n o t  n i l +  m i ? t o * i l r t o r s .  r s  tn  r n n r  t n r i u s t r t i l  i u t o - r t t o n  s r t -  
U D Y .  r o b o t s  r v r n  t f  t h r y  e r n  b r  C l e r t b l r  o r o q r r m i e d :  r o t h r r  e . l l l n q  t h - s r  o r o q r r r r 3 l r  
o r n t o u l i t o r % .  3 u r  o w n  l r b o r i t o r y  i t  t h r  U n t v + r s t t y  o f  C r l t f 3 r n t i .  Brrtr l rr .  h a 3  b r r n  
t n v o l v r 4  tn o r o b l r i s  I n  d t s o l i r  of t - f o r l i t t o n  t o  t h s  humin o o r r i t o r .  tn D r o b l r i s  of s a n t r o l  
of r r o o t r  a r n t o u l r t o r s  b y  thr  hu%%n o u r r i t o r .  i n 4  t.r 2 o o m ~ n t s r t i o n  d r l i r s  i n 3  b r n 3 - u t i t h  
I t a t t i t t o n s  i s  t n f l u r n c t n q  b o t h  c o n t r o l  i n 3  t h r  3 t s o l i r .  4 n u s b r r  o f  r r c r n t  r r v t e u s  h i v s  
i o o r i r s l  u t t h  3 t s s u s s i o n s  of thr h t s t o r y  o f  t r l r r o b o t t s s  b r q t n n t q q  r t t h  n u s l r i r  o l 3 n t r  i n 3  
u n d r t s r i s  o t t  rtqs. 

2. Thrsr  S t m ~ l l t r n r o u s  S r s r r r s h  D t r r e t t o q s  

K b r l t r v r  t h r t  u r  s h o u l d  r n q r q r  t n  t r t D l t c i t +  o c  t h r r r  u i v  o l i n n l a q .  I t  t s  t o o o r t r q ' .  t o  
f r r r y  o u t  o u r  r e s r i r c h  t o  i e c o r p l t s h  t n s i s  ( t ) ,  r t t h  s i n  i 1 o n r .  i f  o o s s t b l r .  s o ? h  as Ln K V 4  
( r r t r i - v e h t s u l n r  i c t t v t t t r s ) .  ( t t )  r t t h  i u t o n o r o u s  r o b o t s  ( 4 E ) .  313 ( t t t )  u t t h  t r l r r o b o t t c s .  
3~ 5ooorr tnq  i n 3  z o n t r i s t t n q  thr r r s e r r s h  I I r c f s s i r t  t o  2 i r r ~  o u t  t h r s r  thr r r  i o o r o r e h ¶ ¶ .  ur  
s a y  z l i r t f r  our  o r s s r n t  o r o b l r i s .  

Thers rrr p r c r b l r o s  u s t n q  r i n  nlons. thr  
9 o i z r  t 3 v t r s n r r n t  I s  h r z r r d o u s .  I t  I s  ~ r r y  

FIGURE I: 
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As I: u t 1 1  c o n r l d r r  l i t q - .  t t  1 %  
l a p o r t i n t  t o  d t s t l n q u t s h  b r t w t t n  t h o s r  
t a s k s  u n l q u r  t o  t h r  N 4 S 4 / + v o l v t n q  5 O i O t  

f t i t l o n  % n d  t h o 9 9  w t t h  " t n 4 u r t r l i l  
d r l v r r s "  t h i t  u t l l  i c c o i o l l r h  
d e v + l o p m t n t  o f  n s u  t r s h n s t o q l t s  l n  
h o p t f u l l y  i r u p - r l o r  f i r h t q n  i n 4  thur 
s n i b l r  c o n r q r v r t t o ?  o f  I t m l t r 4  N k 5 4  
r r s o u r f + r .  

T h l s  n q x t  r r ~ t l o n  o f  nv t i l t .  
r r v l r u s  o f  ~ r o b l 9 - s  l n  ttl-robot lo^. 
a 1 1 1  b 9  i b b r + v t i t q d .  T h r  r t v t + w  13  
d l v t d r ?  l n t o  o r o b l t i s  I n  t r l t r o b o t l o s  
a o n c r r n l n q  3 1 s e l i r r .  v l r i o n  i n 4  o t h r r  
r r n s r s  ( F t q u r q  3 )  i n 4  o r o b l r r s  t n  
t r l t r o b o t l - s  4 9 i l l n q  w t t h  F o n t r o t  r n 4  
c o n a u n t s i t t o n  ( F t q u r r  $). 

I n  r i s k  s q c t t o n .  I s t i r t  w t t h  b i % t s  
D r o p a r t l r r  o f  t h r  h o a i n  o o i r i t o r  i n 4  9n4 

qutononous r o b o t s .  Kn b r t u t r n .  I t r y  t o  
o o v q r  w h i t  k n s u l t 4 q s  r r t s t r  now I n  o u r  
f t r i d  o r  t s l s r o b o t t s s .  ( 5 r r  a l s o  
c o n o ~ n l o ?  p q p s r  by  9 t i r k  s t  i I  t n  t h t s  
votun.?. 1 

U D  W i t h  O l i n n s d  s i o i b l l t t l 9 3  O f  

FIGURE 3: U P J A Y  PROBLEMS !!Urn F w  
HUMAN V IS ION LLV,  K V .  HLv 
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FIGURE 2: 
NASA SHOULD HYPOTHESIZE FOR E '~0LV lNG $PACE STATION 

%lumuu& 

~ A T E L L I T E  
VEWICLES 
SPACE STATION ITSELF 

COWSTRUCTIO)( 

ADDITIONAL SPICE STATION STRUCTURES 

nA"G 
CRYSTAL GROWTH, BIOPHARUACEUTICALS 

t!QlLm 
AUToW*TIC P ILOTING 
NAVIGATION 
PATH PLANNING 

S U u L L F  U 
LANDSAT TYPE IMAGE PROCESSING FOh AGRICULTURE 
METEOROLOGY 
ASTRONOMY 
HUMAN FACTORS RESEARCH 
SCIENTIF IC  RECORD KEEPING 

FIGURE 4: a ~ W U N l C A T l O r (  M QPERATOR 

BASIC PROPERTIES OF H.0.. ESPECIALLY FOR EVA TASK PERFORMANCE 

hERVE. WSCLE. AG/AT MODEL* 
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PREDICTION. PREVIEW. OPTIMAL CONTROL-KALUA~ FILTER 

n.0. CONTROL OF TR 

H.O. SPECIAL CONTROL: 

PREVIEW. DELAY, BILATERAL. HOMEOMORPHIC CONTROL 
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"?to:  4 ~ 1 4 ~  t s  pn n q o n t r t / p n t ? q o n i s t  m i J r 7 1 9  
o i l r .  rootorocilly t nno rv3 to .1  f o r  f i s t  a a v f a r ? t s  
i n 3  c a - s o n t r i s t 9 4  rsr o o s t u r s  i n i  t a o o l - ? o s  
o o - t t r o l .  
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5. 

t h a n  I i S A  for nrr  t t c h n o l o q i r s  r h t o h  m r t  b r  rrquirrl i n  thr r v o l t i n q  S o i c r  Sta t i o - .  TQ Ftrarr 
5 I l i s t  nin t  c o r o o n r n t a  o f  r t r l r r o b o t t - a  s t s t e a  t h i t  c r r t r i ? l r  s r + r  t o  b r  4 r i v r . l  b t  
i m p o r t r n t  i n d u s t r t r l  h i r 3 r r r t  r r q u i r r r r n t s .  r r s r n r c h  rni 3 r v r l o o r r n t .  T h r r r f a r r .  i t  3fr1s 
r y r s o n r b l r  f o r  ansn t o  s i t  b r s k  an4  r r i t  f o r  r n 3  r r r ls i t r  t h i a t  i r r r l a o m r ? t s .  ~ r r t o q  I t s  
rysourcrs for t h o s r  n r c r s s r r y  t r s h n o l o q t r s  t h a t  r i l l  n o t  br  so d r i ven .  

r l o R R V  ABOUT H.3. D V E ~ L O A D  CONDITION 
(ESPECIALLV WITH CDCPEIUTi' E CL1MTSOL AND C C # U J N I C A T I C h ~  
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